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Abstract
Temperature restriction in indoor environment is a simple way of saving energy; however, it may cause discomforts to 
the people in such an indoor environment. The discomfort is aggravated when the environments of different rooms 
cannot be controlled individually. Furthermore, the discomfort is intensified during the intermittent seasons. Thermal 
comfort is estimated by the Predicted Mean Vote (PMV) model based on six parameters. This is a complex procedure 
and has limitations because a number of measurement indices have to be known. Hence, we analyzed the major 
variables of PMV and simplified the parameters in order to implement the model without incurring additional cost or 
installing equipment such as sensors. In addition, we compared the simplified PMV control with a control based on 
room temperature. The simplified PMV control realizes 7.0% more thermal comfort and 5.6% more energy reduction 
than those achieved by room temperature control, especially in the intermittent operation period.
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1. Introduction
The predominant policies associated with buildings in South Korea focus on greenhouse gas reduction 
and the construction of energy efficient buildings. One of the common ways of realizing energy efficient
buildings is by reducing energy consumption by applying temperature restrictions for indoor environment;
temperature restrictions help avoid wastage of energy the dissipation of heat and the energy required for 
cooling are controlled. However, temperature restrictions may make the indoor environment uncomfortable 
for the people living or working there [1]. The discomfort may be more severe when the indoor 
environments of rooms cannot be individually controlled. Maintaining the indoor temperature at a 
reasonable level is important for promoting health and job performance. This is because excessive heating 
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and cooling can lead to respiratory diseases. The discomforts caused by temperature restrictions becomes 
severe during the intermittent seasons such as period between winter and spring. The mean outdoor air 
temperature in the season begins to be higher than average in winter. We need to determine the potential 
for applying temperature restrictions to save energy and promote thermal comfort.
Conventionally, thermal comfort is modeled using the Predicted Mean Vote (PMV) model, which is 
based on six indices. This is a complicated method because a number of indices have to be measured; this 
problem is aggravated when the model is to be applied for existing buildings that do not have a sufficient 
number of environment sensors installed.
Hence, we analyzed the major variables of the PMV model and simplified the parameters in order to 
implement the method without incurring additional cost or installing additional equipment such as sensors. 
We also compared the simplified PMV control to a room temperature control with room thermostats.
2. Methodology
2.1. Predicted Mean Vote
The PMV model is based on extensive American and European experiments conducted by Fanger in 
1970, involving over a 1000 subjects exposed to well-controlled environments [2, 3]. The model predicts 
thermal sensations; however, it is tedious to take into consideration all PMV parameters such as clothing 
insulation, metabolic rate, and the four classical environmental parameters—air temperature, mean radiant 
temperature, air speed, and relative humidity. 
2.2. Experimental setup and data measurement
We chose an existing office building as the study area to gather data and to apply the simplified PMV 
equation. The building has been operating for 13 years since construction. Since a building’s deterioration 
generally intensifies between 10 to 15 years from its construction, thus building probably requires 
maintenance and its equipment need to be checked and repaired, as needed [4].
We measured environmental parameters by using a PMV meter and organized the gathered data as shown 
in Table 1. The metabolic rate was set at 1.2 W/m2 for a seated/quiet position and clothing insulation at 1.0 
m2ŘC/W for average clothing in winter [5].
Table 1. Data set for multiple regression analysis
Period of 
gathering
Time for 
gathering
Data 
interval
Six indices of PMV Measurement range
ISO 7730 Measured data
From end 
of 
February
to mid of 
March
09:00 to 
17:00
15 min Air temperature (C) 10 to 30 18.3 to 27.5
Mean radiant temperature (C) 10 to 40 17.9 to 25.8
Air speed (m/s) 0.0 to 1.0 0.0 to 0.2
Relative humidity (%) 30 to 70 15.0 to 37.6
Clothing insulation (clo, m2ŘC/W) 0.5 to 1.5 1.0
Metabolic rate (met, W/m2) 1.2 1.2
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The PMV index should be used only for PMV values between -2 and +2, and when the six main 
parameters are within the intervals set according to International Organization for Standardization (ISO) 
7730, as shown in the table [6]. Although some of the relative humidity data fall short of the lower limit of 
the ISO 7730, these data account for only 3.9% of the relative humidity data. Hence, we consider the data 
to be reasonable.
2.3. Simplified Predicted Mean Vote Model
We designed a regression PMV model and simplified the conventional PMV equation in the order of 
lower influence, as shown Table 2. The PMV index was used as the dependent variable and three parameters 
were used as the independent variables: air temperature( ௔ܶ), mean radiant temperature ( ௥ܶ), and relative 
humidity (RH), as shown Eq. (1). Air speed can be neglected in the present case, because we are considering 
indoor environment. In order to understand relative influence of the parameters on the indoor condition, we 
sorted the significant variables by using standardized regression coefficients as shown Eq. (2) and Table 2.
ܲܯ ௥ܸ௘௚௥௘௦௦௜௢௡ = ݂( ௔ܶ , ௥ܶ ,ܴܪ) (1)
ܲܯ ௦ܸ௜௠௣௟௘       = ݂( ௔ܶ, ௥ܶ) (2)
Table 2. Validation of the regression PMV and standardized regression coefficient of independent variables
Variable Coefficient Error P-value Standardized regression coefficient
Intercept -4.5466 3.9.E-02 0.0E+00 -
Air temperature 0.1053 1.2.E-02 2.6E-18 0.1905
Mean radiant temperature 0.1013 1.2.E-02 1.8E-16 0.1813
Relative humidity 0.0025 2.3.E-04 6.6E-27 0.0289
R-square 0.8846
3. Results and conclusions
Table 3 presents a comparison between the metered PMV and simplified PMV (PMVs) based on the 
regression equation. We evaluated that the simplified PMV is reasonable, with the difference between PMV 
and PMVs being only 0.01. Furthermore, we compared the simplified PMV control with a control based 
on room temperature in order to appraise the benefits. We used an energy analysis and thermal load 
simulation program named EnergyPlus (ver.7.0) and Energy Management System (EMS) logic in the 
program [7, 8]. We modeled the reference building and revised it with a guideline in ASHRAE standard [9,
10]. The simplified PMV control realizes 7.0% more thermal comfort and 5.6% more energy reduction than 
those achieved by room temperature control, as shown Fig.1.
In the study, we focused on the simple and easy application of PMV indices to buildings. This would 
particularly be useful for existing buildings, which do not have enough sensors and facilities. Furthermore, 
it is potentially enable to save energy and promote thermal comfort in intermittent operation period. To do 
 Hyesim Han et al. /  Energy Procedia  61 ( 2014 )  970 – 974 973
this, we designed simplified PMV model by taking advantage of metered data from actual field. We 
concluded a regression equation with two environmental parameters and verified that it is reasonable. 
Table 3. Comparison between metered PMV and simplified PMV by regression equation in a reference day
Time for gathering (from 9:00 to 17:00) Average Standard 
deviation9 10 11 12 13 14 15 16 17
PMV 0.22 0.44 0.47 0.42 0.39 0.44 0.33 0.26 0.32 0.42 0.14
PMVs 0.19 0.40 0.46 0.40 0.38 0.44 0.33 0.26 0.32 0.41 0.13
Fig 1. Benefits ratio of simplified PMV model compared to room temperature control
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